Let A, B be invertible positive operators on a Hilbert space H. We present some improved reverses of Young type inequalities, in particular,
. We also give some new inequalities involving the Heinz mean for the Hilbert-Schmidt norm.
Introduction
Let H be a Hilbert space and let B h (H) be the semi-space of all bounded linear self-adjoint operators on H. An operator mean is a binary operation σ defined on the set of strictly positive operators, if the following conditions hold:
() Iσ I = I. 
where A, B ∈ B(H) ++ , and ν ∈ [, ]. The operator version of the Heron means is denoted by
It is well known that if A and B are positive invertible operators, then
To obtain inequalities for bounded self-adjoint operators on Hilbert space, we shall use the following monotonicity property for operator functions:
If X ∈ B h (H) with a spectrum Sp(X) and f , g are continuous real-valued functions on Sp(X), then
For more details as regards this property, the reader is referred to [] . The classical Young inequality says that if a, b ≥  and ν ∈ [, ], then 
Kai in [] gave the following Young type inequalities:
]. Recently, Burqan and Khandaqji [] gave the following reverse of the scalar Young type inequality:
]. Also we have
, ].
The results and discussion
In this section, we present some converses of the Young inequality and give several refinements for matrices and operators.
Reverses of scalar Young type inequalities
First, we get reverses of the inequalities (.), (.), and (.).
, then by inequality (.), we have
Reverses of operator Young type inequalities
We begin this section with the reverses of Young type inequalities for operators.
Theorem  Let A, B ∈ B(H)
and
], the inequality (.), for a = , b > , becomes
The operator X = A 
Finally, if we multiply inequality (.) by A   on the left and right, we get
By replacing A by B and B by A, we have
and by the sum of (.) and (.), we have
Similarly, the inequality (.) implies that ( -ν) ν H ν (A, B) + ( -ν) (-ν) (A∇B) ≥ ( -ν)(A B).
Using the same strategy as in the proof of Theorem  and inequalities (.) and (.), we get the following theorems.
Theorem  Let A, B ∈ B(H)
++ and ν ∈ [,
Theorem  Let A, B ∈ B(H)
++ and ν ∈ [,   ] Then ( -ν) (-ν) H ν (A, B) + ( -ν) ν (A∇B) ≥ ( -ν)(A B).
Reverses of Young type inequalities for matrices
In the following, let M n (C) be the space of all n × n complex matrices. For more information on matrix versions of the Young inequality (.) the reader is referred to [] . In this section, we will discuss the reverse Heinz mean inequality for unitarily invariant norms.
A matrix version of the inequality (.) is
which was introduced by Bhatia [] . The matrix version of the inequality
was proved by Bhatia and Davis [] , saying that if  ≤ ν ≤ , then
The second part of the inequality (.) is known as the Heinz inequality. Let  ≤ ν ≤ , r  = min{ν,  -ν}, Kittaneh [] gave a refinement of the Heinz inequality as follows:
Meanwhile, Kittaneh and Manasarah [] also obtained two refinements of the Heinz inequality for the Hilbert-Schmidt norm as follows:
It is weaker than the inequality (.) and it is equivalent to the inequality (.) for the
It is also a refinement of the Heinz inequality for matrices. Zou [] proved that if  ≤ ν ≤ , then
which is an improvement of (.). Zou also, in [] , has proved another Heinz inequality for the Hilbert-Schmidt norm as follows.
Kittaneh and Manasarah in [] have showed that if A and B are positive definite matrices, X ∈ M n and ν ∈ [, ], then
where R = max{υ,  -υ}. Bakherad and Moslehian [] improved the Young inequality and obtained the following inequalities:
where A and B are positive definite matrices, X ∈ M n (C) and ν > .
Theorem  Let A, B, X ∈ M n such that A and B are positive definite; if
Proof Since A and B are positive semidefinite, it follows by the spectral theorem that there exist unitary matrices U, V ∈ M n such that
Therefore,
Similarly, we have 
